The functional food development is one of the most interesting fi elds of the food industry. The knowledge of the effects of processing is essential in order to optimize the conditions and to obtain functional foods rich in bioactive compounds. Many functional buckwheat derived bakery and non--bakery products have been put into production including buckwheat enhanced breads, biscuits, snacks, noodles, tea, tarhana, sprouts, and fi nally buckwheat honey. This article reviews the studies carried out in the past few years in relation to the effects of processing on bioactive compounds in buckwheat derived bakery and non-bakery products, and on their overall nutritional value and consumer acceptance. Finally, the future trends in buckwheat processing are addressed.
INTRODUCTION
The food industry is one of the most important branches of the economy in the European Union, playing a central role for the processing of agricultural raw materials and food supply [Bigliardi & Galati, 2013] . One of the most attractive trends is the development of new functional foods. Functional foods constitute those that exert a scientifi cally proven specifi c health benefi t (health claim) beyond their nutritional properties but the consumption of their specifi c formulation is not essential for human life. Examples of functional foods include fortifi ed beverages, juices, milk, yoghurts, margarines, cereals, etc. [González-Sarrías et al., 2013] . These products are of interest for an increasingly health-concerned society and may be especially relevant for preventing or delaying a number of age-related diseases [González- Sarrías et al., 2013] . Recently, buckwheat as a pseudocereal has received increasing attention as a potential functional food [Krkośková & Mrázová, 2005; Zhang et al., 2012] . Buckwheat has been used as an important raw material for functional food development because of its functionalities and compounds content, such as proteins, fl avonoids, phytosterols, and other [Ötles & Cagindi, 2006] . Rutin, a secondary metabolite present in buckwheat, has shown anti-infl ammatory, anticancer, antiatherogenic, and antioxidant activity [Kreft et al., 2006; Zhang et al., 2012] . Buckwheat protein extracts have been related to cholesterol--lowering and anticancer effects in animals [Liu et al., 2001 ; * Corresponding Author:
Tel: +4889 5234682; E-mail: h.zielinski@pan.olsztyn.pl (prof. H. Zieliński) Tomotake et al., 2006] . Incorporation of buckwheat into bread has proved to signifi cantly lower postprandial blood glucose and insulin responses compared to white wheat bread [Skrabanja et al., 2001 ]. D-chiro-inositol has been associated with reduction of symptoms of non-insulin-dependent diabetes mellitus [Kawa et al., 2003] . Therefore, obtaining different buckwheat-based bakery and non-bakery products with health--promoting components (fi ber, antioxidants and/or minerals), the optimization of recipes and technological process parameters, and the characterization of fi nal products in terms of sensory acceptance and potential functional properties, have acquired a considerable interest in the past few years [Burluc et al., 2012] . For this purpose, the sensory and technological quality of buckwheat-based bakery and non-bakery products have been improved substantially. Hence, buckwheat products such as bread, biscuits, snacks, noodles and cookies as well as tea, sprouts and honey, are currently commercialized and consumed [Hatcher et al., 2008] . Simplifi ed diagrams of the buckwheat derived bakery and non-bakery products are presented in Figure 1 and 2, respectively. This article reviews the current knowledge regarding the effects of the different processing methods on the buckwheat bioactive compounds and advances in the development of functional buckwheat derived bakery and non-bakery products.
OVERVIEW OF BUCKWHEAT AS A SOURCE OF BIOACTIVE COMPOUNDS
There are many species of buckwheat in the world, with nine having mainly agricultural value. Generally, two types are used around the world: common buckwheat (Fagopyrum [Zielińska & Zieliński, 2011] . Quercetin, the aglycone of rutin, is a fl avonoid with a potent antioxidant activity that is present in buckwheat groats in a lower concentration . Tannins isolated from buckwheat showed a relatively high level of activity against Listeria monocytogenes [Amarowicz et al., 2008] . The bioactive compounds of a high interest for food industry are compiled in Table 1 . Recently, -aminobutyric acid (GABA) and 2"-hydroxynicotianamine (2HN) have been found to serve as functional compounds in buckwheat. Seeds and sprouts contain GABA, while 2HN has been recently identifi ed in buckwheat fl our [Aoyagi, 2006] . In vitro and in vivo studies have shown that the consumption of buckwheat and buckwheat enriched foods is related to a wide range of biological and pharmacological activities: hypocholesterolemic, hypoglycemic, anticancer and anti-infl ammatory [Zhang et al., 2012] . These benefi cial effects have been associated with a high antioxidant capacity of buckwheat, which is attributed mainly to their phytochemicals [Zielińska et al., 2010] . Therefore, in order to obtain potentially functional buckwheat food of high nutritional quality, it is important to understand the effect of processing on bioactive compounds. Hence, it is of utmost importance for the food industry to seek out more effective and optimized methods to reduce undesirable changes in foods associated with food processing.
PROCESSING
It is well known that processing can induce chemical changes in food products, therefore, it is important to consider the effects on the bioactive compounds of buckwheat. Nowadays, there are multiple technological processes related to buckwheat.
Thermal processing
The studies that investigate the effects of thermal processing on buckwheat-derived food have been intensifi ed considerably. Many new thermal techniques are being employed in the food industry in order to improve the quality of buckwheat functional food. Extrusion processing has become an important food process in the production of pasta, ready-to--eat cereals, snacks, pet food, and textured vegetable protein.
Microwave heating has gained popularity in food processing due to its ability to achieve high heating rates, signifi cant reduction in cooking time, more uniform heating and safe handling. This technique might change fl avor and nutritional qualities of food to a less signifi cant extent as opposed to conventional heating during the cooking process [Chandrssekaran et al., 2013] . However, the data on the effect of thermal treatments on the antioxidant capacity of buckwheat and its products are still limited. Most of the studies focused on the determination of the effect of heat treatment on total phenolic and fl avonoid content, and antioxidant capacity due to its role in human health and disease management.
Heat treatment of buckwheat was found to evoke changes in its chemical composition and, above all, to affect the functional properties of selected bioactive compounds. The results about the effect of the thermal treatment on buckwheat seeds and processed fl our that have been published are contradictory. After thermal processing, common buckwheat groats and cakes were shown to have a detrimental effect on fl avonoid which might reduce the antioxidant capacity [Kreft et al., 2006] . Similar results were observed in tartary buckwheat bread during its elaboration [Vogrinćić et al., 2010] . In addition, Sensoy et al. [2006] reported that antioxidant activity of buckwheat fl our was decreased by roasting but not after extrusion treatment. On the contrary, Randhir et al. [2008] found, after autoclaving treatment, an increase in the total antioxidant activity in sprouts and seeds. In addition an increase of 20% and a decrease of 7% of total phenolic compounds in sprouts and seeds, respectively, were observed. Contradictory results were also found by Zieliński et al. [2006] in extruded groats, which showed a reduction in the antioxidant capacity accompanied by a decrease in rutin and isovitexin, but at the same time an increase in free phenolic acids and those released from ester bonds.
It has been recognized that the possible benefi cial effects of buckwheat phytochemicals may be related to the inherent antioxidant capacity of these compounds. Therefore, the relation between the antioxidant capacity and these compounds after thermal treatment has been addressed during the last decade. Zieliński et al. [2009] related the antioxidant capacity of buckwheat products to the concentration of fl avonoids after hydrothermal treatment. Kreft et al. [2006] described signifi cant correlations between rutin content and the antioxidant activity of buckwheat seeds and buckwheat-based food products, respectively. Zhang et al. [2010] reported a decrease in the antioxidant capacity of tartary buckwheat fl our accompanied by a reduction of the content of total fl avonoids and total phenolics after roasting, microwave and especially pressure-steaming heating. These results showed that phenolics act as the main antioxidant compounds in tartary and common buckwheat. However, Şensoy et al. [2006] reported contradictory results, describing a reduction in the antioxidant capacity but no signifi cant changes in total phenolic compounds after roasting. Apart from phenolics, other compounds, such as proteins, appear to be included in the formation of antioxidant capacity of buckwheat products. Zieliński et al. [2009] reported that roasting groats showed a decrease in the antioxidant capacity along with a decrease in the protein quality and content in groats. Furthermore, during thermal treatment, Maillard compounds are generated due to a chemical reaction between free amino groups of lysine and carbonyl groups of reducing sugars [Delgado-Andrade, 2014]. Zieliński et al. [2009] observed the formation of Maillard products induced by the thermal treatment of both whole seeds and groats. Although Maillard compounds might be harmful for health, they can contribute to an increase in the antioxidant activity, masking the real decrease in the total phenolic compounds [Zielinski et al., 2009; Zhang et al., 2010] . Furthermore, it has been proposed that the antioxidant capacity can be increased as a result of the disassociation of phenolics forms and liberation of phenolics bounded to cell walls due to thermal processing followed by some polymerization/oxidation of the phenolic constituents, or the byproducts generated [Randhir et al., 2008] .
These contradictory results obtained point out to the importance of determining the exact composition and ratio of bioactive compounds. Furthermore, more studies are necessary to recognize the effect of thermal processing on functional compounds, including protein and phenolic compounds, of buckwheat products in order to obtain buckwheat of consumption quality. Therefore, processing conditions, such as time and temperature should be optimized to maintain the functionality of bioactive compounds.
High pressure
High pressure (HP) has been shown to offer a viable alternative to thermal processing, with no negative effects such as off-fl avor formation, vitamin and phytochemical properties loss, and discoloration [Norton & Sun, 2008] . Błaszczak et al. [2013] observed that after HP treatment the antioxidant capacity and rutin content differed in case of raw and roasted buckwheat groats. The pressurization of roasted groats increased the total reducing capacity formed by hydrophilic antioxidants by 18% when measured by cyclic voltammetry method on average and decreased the concentration of rutin after treatment. In contrast, the reducing capacity decreased in the case of raw buckwheat, whereas rutin content dropped at shorter times than roasted groats. To the best of our knowledge, this study is the fi rst that investigates the effect of HP on bioactive compounds of buckwheat. Even so, contradictory effects were observed. Therefore, necessary further studies investigating the effect of pressurization on bioactive compounds are required to determine which conditions are the most adequate to produce high-quality buckwheat products.
Ionization and radiation
Food irradiation is a method of treating food in order to make it safer to eat and to extend its shelf life. Traditionally, this process has been used to control surface microorganisms on vegetables and fruits without affecting the nutritional quality. Hayashi et al. [1998] reduced the microbial load to a lower level, exposing buckwheat grains to low-energy electrons (soft--electrons) without affecting their quality. Recently, there have been published studies where aqueous chlorine dioxide, fumaric acid, modifi ed atmosphere packaging enriched in CO 2 , and ultraviolet (UV)-C radiation were combined to treat buckwheat sprouts for improving the microbial quality. Reductions of total aerobic bacteria, yeast and mould, and enterobacteria up to low levels without affecting the sensory quality were observed. However, an increase in the concentration of rutin was shown after treatment [Chun & Song, 2013] .
A comparative study carried out by Orsák et al. [2001] reported the effect of UV, microwave and -irradiation on three buckwheat samples. Different effects were observed depending on the irradiation system and dose applied on the polyphenol and rutin content. Furthermore, it has been described that rutin and fl avones C-glucosides are enhanced in sprouts after exposition to light emitting diodes [Hossen, 2007] . Therefore, irradiation could offer a method to increase the half-life of food, maintaining the sensorial quality, improving the microbial quality and enhancing the nutritional value due to the increase in the bioactive compounds in buckwheat-derived products. Although public knowledge about irradiation continues to be limited, the interest in purchasing safety-enhanced irradiated food is increasing, especially after people's gaining information about potential benefi ts and risks.
BUCKWHEAT DERIVED BAKERY FOOD Buckwheat groats
Buckwheat grain constitutes the main form in which buckwheat is consumed. Dehulled seeds (raw groats) are principally used for human consumption as breakfast cereals, or as processed fl our for making different products (Figure 1) . The roasted groats, also known in Central and Eastern Europe as "kasha", are ready for cooking and usually served as an alternative to potatoes and rice [Wijngaard & Arendt, 2006] . To obtain good-quality roasted groats the dehulling process is preceded by raising the moisture content of the raw whole seeds and followed by simultaneous steaming and heating.
Bakery products
In the bakery industry there is a tendency to develop innovative bakery products by using the health-promoting role of buckwheat. The bioactive components present in the buckwheat fl our show multiple benefi cial effects on health . Therefore, the elaboration of different bakery products (bread, noodles, biscuits) from raw materials with potential functional components, the optimization of process parameters and recipes, and the characterization of fi nal products in terms of sensory and physicochemical properties are acquiring a considerable interest.
Buckwheat-enhanced wheat bread
Wheat bread represents a staple food for the majority of the world population and contributes substantially to the intake of several nutrients. Buckwheat, added to food as a supplement, can prevent food from oxidation during processing. Lin et al. [2009] showed that wheat fl our enriched with 15% of husked or unhusked buckwheat fl our exhibited higher content of sugar, more free amino acids, higher fl avor 5'-nucleotides, and 2 -to 3-fold higher total volatile content in comparison to wheat bread. This research indicated that buckwheat fl our could be incorporated into bread recipe, providing buckwheat-enriched wheat bread with more sugars, a stronger umami taste and a more characteristic aroma. Bojňanská et al. [2009] reported that a substitution of 30% wheat fl our with buckwheat fl our yielded a buckwheat-enhanced wheat bread acceptable from the technological, sensory and health point of view. Vogrinćić et al. [2009] showed an increase in the plasma antioxidant capacity after four weeks of 30% buckwheat-enriched wheat bread consumption. The research also showed that the addition of buckwheat increased the content of proteins, minerals, fi bers as well as rutin in bread. In addition, buckwheat, along with other pseudocereals, has been proposed as an alternative source to increase the folate content in staple foods, such as bread, pasta and cookies [Schoenlechner et al., 2010] . In the recent studies it has been reported that the use of whole buckwheat fl our in the elaboration of Turkish fl at bread, lavaş, increased the content of fi ber, phytic acid, Fe, K, Mg and P contents [Yildiz & Bilgiçli, 2012] .
The use of buckwheat fl our as a bakery raw material is limited because there is no glutenin and gliadin fraction for gluten formation. According to Bojňanská et al. [2009] , the rheological properties of dough change when the amount of buckwheat in the blend is increased. It was shown that e.g. prolongation of the dough development time required more energy input and longer kneading period. In an attempt to assess guidelines for novel recipes for obtaining bread from wheat and buckwheat fl our blends with improved nutritional properties, some authors have investigated different buckwheat-enriched wheat bread formulations to increase the diversity, nutritional value and product appeal. It has also been described that addition of buckwheat hull hemicelluloses (0.3-0.5%) obtained from seeds to the wheat fl our had positive effects on the bread quality, contributing to higher scores for product overall acceptability [Hromádková et al., 2007] .
Sourdough fermented buckwheat enhanced wheat bread
Buckwheat sourdough, obtained through long fermentation of buckwheat fl our carried out with naturally occurring lactobacilli and yeasts, gained attention for wheat bread production [Moroni et al., 2012] . A starter culture is microbial preparation of cells, added to a raw material to produce fermented food by accelerating and driving this fermentation process [Coda et al., 2014] . Therefore, appropriate starter cultures and process parameters have started to be exploited in buckwheat sourdough [Moroni et al., 2011a] . The application of the strains Lactobacillus fermentum AB 15, L. plantarum AB 16, L. vaginalis AB 17 and L. crispatus AB 19 improved the quality of the product. Acidifi cation, aroma formation and leavening were the main functions of lactic acid bacteria and yeasts. The fermentation applied to obtain buckwheat sourdough decreased the content of phytic acid of buckwheat fl our, without hindering the nutritional properties of buckwheat. The incorporation of buckwheat sourdough in wheat bread also improved the crumb structure and volume of the bread, alongside with prolonged shelf life and increased content of polyphenols [Moroni et al., 2012] . However, it has been documented that buckwheat sourdough showed a decrease in the network connectivity, and exhibited reduced elasticity. Furthermore, the sourdough bread had a lower volume and a harder crumb [Moroni et al., 2011b] .
Recently, Lactobacillus delbrueckii subsp. lactis has been described to increase the total phenolic content and the antioxidant capacity in buckwheat sourdough [Gandhi & Dey, 2013] .
Buckwheat biscuits and snacks
Recently there has been observed an increased consumer demand for composite fl our based bakery products such as biscuits, snacks or cereals. Buckwheat enriched biscuits and snacks are new buckwheat derived products. Wójtow-icz et al. [2013] showed a good acceptability of buckwheat enriched snacks, at a level no higher than 30%, proposing corn-buckwheat snacks as an attrac tive type of appetizer with increased nutritional properties. Addition of buckwheat fl our into biscuit formulation exerted considerable effects on physicochemical and sensory properties of biscuits. The biscuits enriched with buckwheat had increased spread, hardness and fracturability [Filipčev et al., 2011] . Baljeet et al.
[2010] successfully incorporated buckwheat fl our into refi ned wheat fl our biscuits up to a level of 20% to yield biscuits of enhanced nutritional quality with acceptable sensory attributes. In a study carried out by Filipčev et al. [2011] , the sensory analysis of ginger nut biscuits, popular traditional biscuits containing honey, indicated that addition of 40% buckwheat fl our was the best scored, but 50% provided a sensory acceptable product with enhanced bio-functional properties. Furthermore, a signifi cant increase in protein, dietary fi bre, total polyphenols, antioxidative and chelating activity and macro -and microelements contents was reported.
Buckwheat noodles
Buckwheat noodles, also known as soba noodles, are normally made from a blend of common wheat fl our and buckwheat fl our. The Japanese Food Agency stipulates that a minimum of 35% buckwheat must be present for noodles to be called soba noodles [Hatcher et al., 2011] . Most of the soba noodles contain at least 60% of buckwheat, although some handmade soba noodles are made with 100% buckwheat fl our [Hatcher et al., 2008] . The noodles are consumed both hot and cold, with the most common type, -mori soba -being boiled and eaten cold with sauce [Hatcher et al., 2011] . Soba noodles often have additional ingredients, such as green tea powder [Haraguchi et al., 2003] , shiitake mushroom or seaweed [Yoon et al., 2007] .
The texture of food constitutes an important quality attribute which affects consumer acceptance and preference for a particular food product [Hatcher et al., 2011] . It has been described that texture of noodle depends primary on its starch, fi bre and protein contents. Hatcher et al. [2011] described a superior noodle texture elaborated with a tartary buckwheat blend, which showed lower protein content, yet higher quality. Van Hung et al. [2007] used a gradual milling method in which whole buckwheat grains, from outer to inner parts, were used for noodle making, substituting the 40% of wheat fl our. The outer buckwheat fractions, which contain lower amount of starch, higher protein and dietary fi bre content than inner parts, had softer and improved texture, with the optimum cooking time being lower than that elaborated with inner fractions.
The incorporation of buckwheat fl our to soba noodles modifi es the nutritional and sensorial quality of this product. Buckwheat noodles elaborated with the inner buckwheat fl our fractions (40%) exhibited more white and less yellow color, lower content of phenolic compounds, lower amount of protein and dietary fi bre, and higher amount of starch, in comparison to noodles obtained after substitution with outer fractions [Van Hung et al., 2007] . Hatcher et al. [2008] compared the potential of different buckwheat varieties for elaborating soba noodles, and the effect of buckwheat fl our refi nements (white fl our, whole groat, and dark fl our) on the composition, appearance and texture of the products. Noodles prepared with white fl our were marked by the best chewiness and springiness, while those elaborated with dark fl our contained considerably higher amounts of minerals, proteins, dietary fi bre, and fagopyritols. Similar results were documented by Bilgiçli [2008] who described an increase in K, Mg, and P amounts in darker noodles after addition of 40% whole buckwheat fl our to Turkish noodles. Furthermore, the fi nal product was appreciated by the panelists, especially noodles containing up to 25% of whole buckwheat fl our. Ma et al. [2013] indicated that common buckwheat noodles, compared to the faint yellow of tartary buckwheat, were more accepted by the panelists. In this study, the overall acceptability evaluation revealed that common buckwheat noodles were more acceptable than tartary noodles. Furthermore, an increase in the antioxidant capacity in buckwheat noodles was reported, being the phenolic acid and fl avonoid composition varying depending on the species of buckwheat used ( Table 2) .
Different authors have investigated the effect of processing on the bioactive compounds of soba noodles. Higasa et al. [2011] documented that the content of 2"-hydroxynicotianamine (2-HN), a recently discovered angiotensin I-converting enzyme (ACE) inhibitory compound which may help to reduce hypertension, ranged from 16 -28 mg per 100 g of dry weight in dried buckwheat noodles. Although the concentration of 2-HN in noodles was reduced after boiling, soba noodles may be a source of this compound to be incorporated in the diet. In a recent study it has been reported that incorporation of buckwheat into the noodles resulted in product with softer texture, less color and higher content of rutin and quercetin [Choy et al., 2013] . In regard to the rutin content, during processing, attention should be put to the factors which may decrease the concentration of this compound. Kreft et al. [2006] showed a decrease in the concentration of rutin in buckwheat noodles after processing. This reduction was associated with the hydrothermal treatment, combination with other molecules, and/or presence of rutin degrading enzyme fl avonoid 3-glucosidase. In contrast, Yoo et al. [2012] documented that hydrothermal treatment minimized rutin loss in tartary buckwheat fl our and in noodles containing hydrothermally-treated buckwheat fl our.
In addition to bioactive compounds, several studies have investigated the effects of different processing methods on different quality parameters. Ono et al. [2007] reported that superheated steam, a type of saturated (dry) steam generated by the addition of sensible heat to saturated (wet) steam [Head et al., 2010] , unaffected the color tone of buckwheat fl our or the sensory characteristics of buckwheat noodles, suggesting that this treatment may be useful for processing this product with a view to increasing fl avor and preservation. Li et al. [2008] improved the textural and cooking quality of fried instant buckwheat noodles using triglycerides (TG). Hara et al. [2009] described that addition of buckwheat sprouts to the buckwheat noodle formula resulted in decreasing of resistance to the mastication. The fl avor generation mediated by lipase and peroxidase in buckwheat fl our was analyzed by Suzuki et al. [2010] in order to select varieties with improved fl avor and to increase desirable fl avor of buckwheat products. Bilgiçli [2008] showed that after fermentation of buckwheat grains by fungi Rhizopus oligosporus the amount of amino acids, minerals was higher and allergenic proteins were reduced as compared to nonfermented material. Moreover, the concentration of GABA was increased, while phytic acid was reduced approximately to 70-90%, being a desirable effect since increasing concentrations of buckwheat fl our may increase the concentration of this anti-nutrient. Furthermore, cooked noodles elaborated with fermented buckwheat fl our became more elastic and softer, with the colors being more brownish than those elaborated with non-fermented buckwheat fl our. 
Non-bakery products

Buckwheat honey
Buckwheat honey is a reddish brown product with a strong animal aroma [Vit et al., 2010] and low viscosity [Juszczak & Fortuna, 2006] . It has been demonstrated that honey serves as a source of natural antioxidants (Table 3 ). Comparative studies described that buckwheat honey has higher antioxidant capacity, as well as fl avonoid and total phenolic content than other honeys [Nagai et al., 2001 [Nagai et al., , 2006 Vit et al., 2010; Wilczyńska, 2010; Socha et al., 2011] . Pasini et al. [2013] compared 10 buckwheat honey samples with p-coumaric acid (29.5%) and p-hydroxibenzoic acid (21%) being the main components. Buckwheat honey has been used as a protective agent against lipid oxidation in ground turkey [McKibben & Engeseth, 2002] . It has been also used as an inhibitor of heterocyclic aromatic amine formation in fried ground patties [Shin et al., 2003 ], fried beef steak and chicken breast [Shin & Ustunol, 2004] . In addition, it has been described to be a potent inhibitor of the growth of foodborne pathogens and food spoilage organisms [Mundo et al., 2004; Nagai et al., 2006] . Brudzynski & Kim [2011a] described an increase ininhibitory activity of buckwheat honey against Bacillus subtilis and Escherichia coli after 3-6 months of storage. In this sense, the use of honey as a natural antioxidant instead of traditional antioxidants used in the food industry, such as butylated hydroxyl anisole (BHA) or propyl gallate (PG), could contribute to public health and the economics of food production.
Commercial honey processing includes controlled heating to destroy yeast and to dissolve dextrose crystals, combined with fi ne straining or pressure fi ltration. The impact of industrial processing and storage on the antioxidant capacity of honey is not understood well. Wang et al. [2004] indicated that processing dramatically reduced antioxidant capacity of buckwheat honey by 33.4% as compared to raw ones. Additional reduction of antioxidant capacity of processed honey was noted after storage for a long period, for example 6 months. Similar results were observed by Kowalski [2013] who reported a decrease in the antioxidant capacity of buckwheat honey after different thermal treatments. Wang et al. [2004] proposed that the reduction in the antioxidant capacity may be due to the reduction in phenolics. These authors observed the reduction of total phenolics of buckwheat honey (vanillic acid or p-hydroxibenzoic acid) by 37%. Furthermore, the use of fi lters, such as celite, during honey fi ltration may have nonspecifi cally bound phenolics, which can explain (at least partially) the reduction of the antioxidant capacity. Other compounds generated during thermal treatment of buckwheat honey, such as hydroxymethylfurfural (HMF), melanoidins, and other Maillard reaction products, may infl uence the antioxidant activity [Brudzynski & Miotto, 2011b] and should be taken into account.
Buckwheat honey has proven to be an effective antioxidant which may be used as a source of natural antioxidants. The optimization of different steps during the elaboration of this product is essential to minimize the loss of antioxidant capacity. However, the low number of studies and the contradictory results described, point out the necessity of running more investigations with a view to obtain a high-quality product.
Buckwheat tea
Buckwheat tea is a popular health product in Asian and European countries [Qin et al., 2011; Zielińska et al., 2013] . Buckwheat tea can be made of common or tartary buckwheat Qin et al., 2013] . Park et al. [2000] investigated the effect of boiling on rutin content in tea made from fl owers and dried leaves of different species of buckwheat. Furthermore, buckwheat hulls, a by--product derived from the production of buckwheat products, has been also used for elaborating infusions . The content of rutin (Table 4 ) and the inhibitory activity against formation of advanced glycation end products (AGEs) was higher in tartary buckwheat tea Qin et al., 2013] than in common buckwheat tea . Due to the low number of studies on this issue, further investigations are needed to explain the changes observed. Although it has been described that the buckwheat tea shows lower antioxidant capacity and lower content of total phenolic compounds than the green tea, this product may be offered to the consumers as a new type of tea enriched in fl avonoids, especially rutin and other compounds, such as quercetin and fl avone C-glucosides. Therefore, the buckwheat groat or hull may be used for tea 1 The range of concentration is given for different varieties. According to Pasini et al. [2013] the concentrations were calculated: *as ferulic acid at =280 nm; **as chrysin at =330 nm; ***and as chrysin at =280 nm.
preparation as the main single tea ingredient or as a mixed component of other tisanes.
Buckwheat tarhana
Tarhana is a traditional fermented cereal food, prepared by mixing wheat products, yoghurt, some vegetables and spices. The addition of buckwheat improved the nutritional contents of this soup in terms of fat, ash, protein, mineral (K, Mg, P) and lysine content. Moreover, phytic acid losses were found above 89% in all formulations studied. Higher buckwheat fl our addition levels negatively affected fermentation loss, color values, water and oil absorption capacity of tarhana, being 40% of the optimal concentration to yield a product with adequate physical, functional and sensorial properties [Bilgiçli, 2009a,b] .
Buckwheat sprouts
Sprouting is a simple way to obtain a product with highly enhanced antioxidative capacity, stemming most likely from rapidly biosynthesised low molecular antioxidants and phytochemicals ( Kim et al. [2004] used the mass production system to harvest buckwheat sprouts. After 7 days of seedling, rutin and quercetrin concentrations were notably increased, and chlorogenic acid was moderately enhanced. Furthermore, important quantities of vitamin C, linoleic acid (C18:2), and free amino acids (lysine, GABA and sulfur containing amino acids) were reported. In 2009, Peng et al. improved the nutritional status of buckwheat sprouts, substituting the cultivation method. The acceleration and maximization of precious nutrient levels such as rutin, total phenolic content, linoleic acid, ascorbic acid and GABA was more effi cient. In 2010, Álvarez-Jubete et al. investigated polyphenol composition and antioxidant properties of methanolic extracts from buckwheat after sprouting. In this case, the germination time was 96 hours, and each seeds were subjected to alternating wet and dry cycles of 3 hours over 24 hours. Following sprouting the phenol content was two times higher (670.2 mg GAE/100 g) and the antioxidant capacity was increased.
To sum up, changes due to sprouting are desirable from a nutritional point of view, with the pseudocereal sprouted -seeds being nutritionally superior compared with the nonsprouted seeds. However, more studies are necessary to fi nd out the optimal culture conditions to enhance the concentration of nutrients and to obtain healthier sprouts.
CONCLUSIONS AND FUTURE TRENDS
Recently, new consumer demands have emerged for food products with improved nutritional values or health benefi ts, posing new challenges also for the food industry. In this sense, the main trends might be:
-Stimulating progress in agriculture through selection of raw materials and optimization of production process. Research on safety, composition and nutritional value of new food products perceived as components of a balanced diet. -Further studies examining simultaneously the effect of processing on bioactive compounds during buckwheat products elaboration, and the possible beneficial effects of the consumption of these products will contribute to determination of which conditions are the most adequate during the elaboration of buckwheat-derived food to produce products with high health-promoting properties. -Efficient exploitation of the buckwheat by-products.
Many buckwheat by-products are rich in nutrients. Therefore, the development of functional products, such as buckwheat tea, with the use of buckwheat by--products should be in progress. -Extending the national and world market with new healthy products of high nutritional value. According to Khan et al. [2013] the emergence of a new market segment called "Health and Wellness" reached a global value of US$ 625 billion in 2012. Over the last two decades, different food branches have been motivated to enter this lucrative market. In this sense, the development of new functional foods and healthy products is one of the most attractive trends for the food indus- This concentration is related to sprout after 8 days of seedling.
try. Inter-industry relationships and research-oriented networks have to be proposed as factors which facilitate successful development of functional buckwheat derived bakery and non-bakery food products.
